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Preface
P.1 PURPOSE

a. This document establishes minimum NASA management of facilities maintenance objectives and standards in
support of NASA Policy Directive (NPD) 8831.1. Management of Facilities Maintenance, and NPD 8700.1, NASA
Policy for Safety and Mission Success. In addition to stressing the NASA Administrator's emphasis on the importance
of strict compliance with safety regulations, practices and procedures, it requires the practice of several proactive
methods for meeting those objectives and standards, including the adoption of the Reliability Centered Maintenance
(RCM) philosophy and procedures (NASA Reliability Centered Maintenance Guide for Facilities and Collateral
Equipment), use of Predictive Testing and Inspection (PT&I) technologies, and maximum use of fixed price,
performance-based contracts coupled with good business practices that are cost effective to accomplish maintenance.

b. This document fixes commonality of facilities maintenance definitions Agencywide among the NASA Centers and
Component Facilities, thereby permitting the application of uniform measures of facilities conditions; allowing
meaningful, quantitative metrics in terms common throughout the Agency and the ability to statistically analyze
relative variances; compiling an information database using terminology and definitions common to and recognized by
commercial software products and other industrial and Government applications; and adding credibility to the NASA
facilities maintenance budgeting process through standardization.

P.2 APPLICABILITY

a. This NPR is applicable to NASA Headquarters, NASA Centers, and Component Facilities. A list of the location of
applicable facilities is set forth in paragraph 2.5.4, POP (Budget) Submittal.

b. Because of the differences in NASA Center organizations, this NPR does not assume or require a typical facilities
maintenance organization. Instead, it uses a systems approach to describe the functions that should be included in any
facilities maintenance management system, regardless of its organizational structure.

P.3 AUTHORITY
42 U.S.C. 2473 (c)(1), Section 203 (c)(1) of the National Aeronautics and Space Act of 1958, as amended.
P.4 REFERENCES

a. 48 CFR Chapter 1, Federal Acquisition Regulation (FAR).

b. 48 CFR Chapter 18, NASA FAR Supplement.

¢. NPD 7330.1, Approval Authorities for Facility Projects.

d. NPD 8820.2, Design and Construction of Facilities.

e. NPD 8710.5, NASA Safety Policy for Pressure Vessels and Pressurized Systems.

f. NPD 8831.1B, Management of Facilities Maintenance.

g. NPD 8700.1, NASA Policy for Safety and Mission Success.

h. NPD 1440.6E, NASA Records Management.

i. NPR 1441.1C, Records Retention Schedules.

j- NPR 8570.1, Energy Efficiency and Water Conservation Technologies and Practices.
k. NPR 8715.3, NASA Safety Manual.

1. NPR 8800.15A, Real Estate Management Program Implementation Manual.

m. NPR 8820.2C, Facility Project Implementation Handbook.

n. FMM 9000 Series, NASA Financial Management Manual.

0. NSS/GO-1740.9, NASA Safety Standard for Lifting Devices and Equipment.

p. NSS 1740.12, NASA Safety Standard for Explosives, Propellants, and Pyrotechnics.

g. NASA RCM Guide for Facilities and Equipment Maintenance.

P.5 CANCELLATION
This revision cancels NPR 8831.2C dated March 3, 2000.
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CHAPTER 1. NASA's Maintenance Program

1.1 NASA Maintenance Philosophy

NASA's maintenance philosophy is to aggressively and proactively pursue and adopt the safest, most cost-effective,
best blend of Reliability Centered Maintenance (RCM) techniques, safety procedures and other best practices to
provide safe and reliable facilities to support NASA's mission.

1.2 NASA Maintenance Objectives

NPD 8831.1, Management of Facilities Maintenance, states that policy for managing facilities maintenance, in support
of the stated policy NASA is the following:

1.2.1. Provide maintenance and repair of facilities and collateral equipment that protects the health and safety of
personnel, protects the environment, protects and preserves NASA's capabilities and capital investment, and enables
mission performance by following good business practices while minimizing life-cycle facilities costs.

1.2.2. Manage and perform facilities maintenance work cost effectively and efficiently by using state-of-the-art
maintenance management systems and RCM techniques. Management systems shall, as a minimum, include a
standardized and meaningful annual work plan, accurate facility condition assessment techniques, and NASA-owned
(NASA or contractor maintained) Computerized Maintenance Management System (CMMS) databases.

1.2.3. Use accepted standards as a guideline to assist in determining facilities maintenance funding requirements, such
as the National Research Council's (NRC) recommended 2- to 4-percent of the facilities replacement value for its
facilities and equipment maintenance and repair program.

1.2.4. Continuously and proactively improve technical and managerial processes to minimize life-cycle maintenance
and repair costs. These include Centers designating a single point of contact to communicate and coordinate facilities
maintenance and management issues with NASA Headquarters for maximum efficiency and effectiveness;
benchmarking and the identification of "best practices"; preparing and adhering to annual- and 5-year maintenance
plans; performing self-assessments and applying reengineering or process-improvement techniques where appropriate;
applying NASA-streamlined RCM principles, as detailed in the NASA RCM Guide for Facilities and Equipment
Maintenance, in program development and improvement; implementing Predictive Testing and Inspection (PT&I)
techniques, where appropriate and whenever possible; and maximizing the population of available CMMS databases to
allow for competitive, fixed and fixed-unit cost pricing.

1.2.5. Provide for the lowest life-cycle costs, improve the safety, and establish initial baselines for the subsequent PT&I
of facilities and equipment through the acceptance process by enforcing the construction contractor's quality control
responsibilities during construction and particularly at the time of equipment acceptance.

1.2.6. Properly account for facilities' maintenance and repair expenses in accordance with the NASA Financial
Management Manual - Agencywide Coding Structure - FMM Volume 9100.

1.2.7. Use performance-based contracts with clearly defined scopes to capitalize on the contractor's experience and
ingenuity; to contract for results and not just best efforts; to maximize best value through the use of Fixed Pricing and
Unit Cost pricing with competition; and to improve quality through contractor selection based on past performance, by
measuring against prescribed, objective and measurable performance standards, and by following a formal Quality
Assurance Plan.

1.3 Center Participation

1.3.1. Video-Conferences. NASA Center maintenance management personnel should participate in the monthly
Facility Maintenance Video-Conferences. These conferences provide an opportunity to educate personnel in new tools
available for use, to disseminate lessons learned Agencywide, and to facilitate the adoption of improved practices.

1.3.2. Facility Maintenance Conferences and Workshops. NASA Center civil service and support contractor
maintenance management personnel should attend facility maintenance conferences and workshops. These conferences
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and workshops are an opportunity to exchange ideas, make contacts with other Centers' maintenance personnel, and
learn new maintenance practices that can be utilized in Center programs.

1.3.3. Center Point of Contact. Each Center and Component Facility will establish a single point of contact for
interfacing with the NASA Headquarters, Facilities Engineering Division's Maintenance Team concerning facilities
maintenance matters.

1.4 Pillars of the Maintenance Program

1.4.1. Safety. Per NPD 8700.1, NASA Policy for Safety and Mission Success, it is NASA policy to "Avoid loss of life,
personal injury or illness, property loss or damage, or environmental harm from any of its activities and ensure safe and
healthful conditions for persons working at or visiting NASA facilities." Safety is the Agency's number one core value.
Accordingly, in the operations and maintenance of a Center's facilities, the maintenance organization shall make every
effort to assure that this NASA policy for safety is adhered to in all of its activities and that the procedural requirements
contained in NPR 8715.3, NASA Safety Manual, are incorporated into their daily activities.

1.4.2. Maintenance Funding and Reporting. See chapter 2 of this NPR for more detailed information. As the steward of
its facilities, NASA is responsible for reporting to higher authority (Office of Management and Budget (OMB) and
Congress) on ways its facilities maintenance funds are spent. To make this possible, Centers shall use Functional
Management System (FMS) codes to account for and report to Headquarters their facilities maintenance funding.
Additionally, for accuracy and credibility, it is necessary for Centers to establish methods in their CMMS to capture all
costs associated with facilities maintenance work. NASA has adopted the National Research Council's recommendation
that 2- to 4-percent of the Current Replacement Value (CRV) should be targeted for only facilities maintenance and
minor repair.

1.4.3. Maintenance Management Program. See chapter 3 of this NPR for more detailed information. Maintenance
management consists of all aspects of defining the requirements, job planning, job execution and analysis. An effective
facilities maintenance management program maximizes the useful life of the facilities and equipment, minimizes
unplanned downtime, provides an improved work environment, and produces information to make Management
decisions, all within a given resource level. The approach is customer oriented and mission focused. The challenge for
NASA, both at Headquarters and throughout the Agency, is for continuous improvement within the available resources,
as measured and monitored by meaningful and reliable Headquarters and Center performance metrics and trend
analysis, and capitalizing on the very best and latest information available through benchmarking and the adoption of
best practices.

1.4.4. Annual Work Plan. See chapter 4 of this NPR for more detailed information. The annual work plan provides
Centers with a vehicle to display long and short range facility requirements by articulating their needs based on mission
impact and the most probable facility availability outcomes under varying budget scenarios. The plan must be designed
so that it can be integrated smoothly into NASA's strategic management process, afford Center Facilities Maintenance
Managers and other senior managers the ability to make risk-based decisions regardless of the budget environment, and
also allow Center facility maintenance organizations to pursue and measure their continuous improvement efforts.
Centers should also maintain 5-year Facilities Maintenance Plans for resource planning beyond the Annual Work Plans.

1.4.5. Maintenance Execution. See chapter 5 of this NPR for more detailed information. Maintenance execution
consists of work generation, work reception and tracking, work order preparation and work execution. The maintenance
execution phase should be developed based on the guidance of this NPR, best practices and available resources and
should be customized to most satisfactorily address the needs of each Center.

1.4.6. Computerized Maintenance Management System (CMMS). See chapter 6 of this NPR for more detailed
information. Facilities maintenance managers at NASA Centers are to use modern maintenance management systems
and methods to control work activities, account for resources, and to monitor and report work execution through the
use of various industry standard metrics and other management indicators. All CMMS databases must remain the
property of NASA, regardless of who, NASA and/or the contractor, populates and maintains them, and any applicable
maintenance contracts must explicitly include language to that effect.

1.4.7. Reliability Centered Maintenance (RCM). See chapter 7 of this NPR for more detailed information. It is NASA's
policy to apply RCM principles in program development and improvement. Implementing this policy emphasizes the
use of RCM concepts and its supporting programs to ultimately reduce life-cycle costs of facilities and systems of
varying criticality and failure impact on NASA missions. RCM is to be used as early as possible in the planning and
design stages to set technical tolerances, performance criteria and PT&I standards. RCM concepts are to be used by
planners, designers, equipment procurement specialists, construction managers, and Operations and Maintenance
(O&M) civil service and contractor personnel and/or anyone else involved in NASA facilities planning, design,
construction, equipment procurement, and maintenance and operations.
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1.4.8. Reliability Centered Building and Equipment Acceptance. See chapter 8 of this NPR for more detailed
information. The NASA Reliability Centered Building and Equipment Acceptance Guide focuses on reducing facility
life-cycle costs (especially infant mortality costs) by integrating PT&I techniques into the construction contractor's
quality control program for equipment acceptance. In today's tight budget environment for facilities operations and
maintenance, it is advantageous to use the construction contractor's quality control function to perform noninvasive
diagnostic tests to verify equipment condition and installation prior to the contractor's exit from the job site. The
Reliability Centered Building and Equipment Acceptance Guide focuses on using PT&I technologies to test and accept
new systems during equipment installation, repair or rework, and the contractor making installation modifications as
necessary to meet the prescribed standards. The result is an initial database of equipment condition for the subsequent
maintenance program, the avoidance of premature wear caused by latent manufacturing defects or faulty installation,
better information upon which RCM decisions will be based, longer equipment life, and ultimately minimal overall
facility operating costs.

1.4.9. Backlog of Maintenance and Repair (BMAR). See chapter 9 of this NPR for more detailed information. BMAR
(Also known as Deferred Maintenance) has recently taken on new, higher interest in the Federal Government,
particularly in the OMB and Congress. With this interest, NASA's Deferred Maintenance (DM) shall be used in
benchmarking with other agencies. With increased funding cutbacks and the need to manage funding availability more
efficiently, there is a renewed requirement in ensuring that NASA's DM is realistic and that any ensuing funding is
spent wisely. If the DM is to be a useful tool for assessing facility condition and determining and supporting the budget
requirements to bring it to a manageable level, Agencywide use of a uniform, cost-effective procedure for determining
and documenting DM is required. Such a standardized procedure for calculating DM still under development and will
be forthcoming.

1.4.10. Facility Condition Assessment (FCA). See chapter 10 of this NPR for more detailed information. FCA's provide
NASA Centers with information to properly develop 5-year and annual work plans and priorities for facilities
maintenance, repair and revitalization. Headquarters needs adequate FCA information to ensure the proper stewardship
over facilities entrusted to NASA, as well as to assist Agency Senior Management and higher authorities in projecting
facilities budgetary needs in conjunction with NASA meeting its mission as directed by the President and Congress.
Despite their importance, formal FCA's are time-consuming and costly to perform. Maximum use of RCM procedures
and PT&I techniques that monitor facility and equipment condition, and continuous inspection that incorporates
historical information from the CMMS database, ongoing maintenance and repair efforts and customer and user
feedback, is necessary to provide Centers with valuable FCA information that in the past had to be developed
manually. This continuous inspection coupled with minimal facility condition inspections provides the FCA without the
formal process.

1.4.11. Central Utility Plant Operations and Maintenance. See chapter 11 of this NPR for more detailed information.
Central Utility Plant O&M is included here because of its close operational and organizational association with
facilities maintenance management. The management of utility system inspection and maintenance is directed toward
maintaining safety, minimizing system downtime, minimizing cost and minimizing waste. To provide safety,
reliability, high quality, and economical utility services, Utilities Management must ensure that equipment and
distribution systems are maintained in top working order and that distribution line losses are identified and corrected.
Standard Operating Procedures (SOP) must be developed to cover routine operations, startup and shutdown, operator
maintenance, preventive maintenance, and other emerging actions such as load shedding.

1.4.12. Performance-based Contracting (PBC). See chapter 12 of this NPR for more detailed information. NASA is
committed to implementing the use of PBC to the maximum extent possible. Under the PBC concept, the Government
contracts for specific services and outcomes, not resources. Contractor flexibility is increased, Government oversight is
decreased and attention is devoted to managing performance and results and ultimate outcomes.
Contractor-Government partnering is highly recommended to achieve mutually supportive goals. The PBC should
encourage the use of contractor best practices and cutting edge maintenance practices used in the private sector to give
NASA the best product.

1.5 Facilities Maintenance Definition

1.5.1. In order to implement the policies in NPD 8831.1, Management of Facilities Maintenance, and the guidance in
this document, it is necessary to fix commonality of all facilities maintenance definitions Agencywide among NASA
Centers and the Centers' Component Facilities. This permits the application of uniform measures of facilities condition;
allows meaningful, quantitative metrics in terms common throughout the Agency and the ability to statistically analyze
variances; enables compiling an information database using terminology and definitions common to and recognized by
commercial software products and other industrial and Government applications; and adds credibility to the NASA
facilities maintenance budgeting process through standardization. In addition to the definitions listed in Appendix A,
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Centers must use the definitions, and specifically the nine facilities maintenance work elements defined in the
paragraphs below to identify, classify, and analyze facilities maintenance trends, to prepare the Center's Annual Work
Plan and 5-year Plan, and for all other Agencywide facilities maintenance applications:

1.5.1.1. Facility. A term used to encompass land, buildings, other structures and other real property improvements,
including utility systems and collateral equipment. The term does not include operating materials, supplies, special
tooling, special test equipment, and noncapitalized equipment. (See Financial Management Manual (FMM) 9255-3 for
capitalization criteria for capitalized equipment.) The term "facility" is used in connection with land, buildings
(facilities having the basic function to enclose usable space), structures (facilities having the basic function of a
research or operational activity), and other real property improvements.

1.5.1.2. Equipment. In NASA, equipment is broken down into two categories, collateral equipment and noncollateral
equipment. These are defined as follows:

a. Collateral Equipment. Encompasses building-type equipment, built-in equipment, and large, substantially affixed
equipment/property, and is normally acquired and installed as part of a facility project.

(1) Building-Type Equipment. A term used in connection with facility projects to describe equipment, which is
normally required to make a facility useful and operable. It is built in or affixed to the facility in such a manner that
removal would impair the usefulness, safety, or environment of the facility. Such equipment includes elevators;
heating, ventilating, and air conditioning systems; transformers; compressors; and other like items generally accepted
as being an inherent part of a building or structure and essential to its utility. Such equipment also includes general
building systems and subsystems such as electrical, plumbing, pneumatic, fire protection, and control and monitoring
systems.

(2) Built-in or Large, Substantially Affixed Equipment. A term used in connection with facility projects of any type
other than building-type equipment that is to be built in, affixed to, or installed in real property in such a manner that
the installation cost, including special foundations or unique utilities service, or the facility restoration work required
after its removal, is substantial.

b. Noncollateral Equipment. Includes all equipment other than collateral equipment. Such equipment, when acquired
and used in a facility or a test apparatus, can be severed and removed after erection or installation without substantial
loss of value or damage thereto or to the premises where installed. Noncollateral equipment imparts to the facility or
test apparatus its particular character at the time (e.g., furniture in an office building, laboratory equipment in a
laboratory, test equipment in a test stand, machine tools in a shop facility, computers in a computer facility) and is not
required to make the facility useful or operable as a structure or building.

1.5.1.3. Facilities Maintenance

a. The recurring day-to-day work required to preserve facilities (buildings, structures, grounds, utility systems, and
collateral equipment) in such a condition that they may be used for their designated purpose over an intended service
life. It includes the cost of labor, materials, and parts. Maintenance minimizes or corrects wear and tear and thereby
forestalls major repairs. Facilities maintenance includes Preventative Maintenance (PM), PT&I, Grounds Care,
Programmed Maintenance, repair, Trouble Calls (TC) (facilities repair), Replacement of Obsolete Items, and Service
Request (Not a maintenance item but is work performed by maintenance organizations). Facilities Maintenance does
not include fire protection, security and custodial services, new work, or work on noncollateral equipment.

b. The elements of facilities maintenance and their Center-level dollar limitations are as defined in the following
paragraphs. Centers should be prepared to report their planned and actual facilities maintenance effort by these nine
elements when requested by NASA Headquarters.

(1) Preventive Maintenance. The planned, scheduled periodic inspection (including safety), adjustment, cleaning,
lubrication, parts replacement, and minor repair (no larger than TC scope) of equipment and systems for which a
specific operator is not assigned. PM consists of many checkpoint activities on items that, if disabled, would interfere
with an essential Center operation, endanger life or property, or involve high cost or long lead time for replacement.
PM is the cornerstone of any good maintenance program. A weak or nonexistent PM program could result in safety
and/or health risks to employees, much more emergency work, and costly repairs. Center-level dollar limitation is any
dollar amount.

(2) Predictive Testing & Inspection. Those testing and inspection activities for facility items that generally require more
sophisticated means to identify maintenance requirements than in PM. For example, specialized tests are used to locate
thinning of pipe walls and fractures (e.g., eddy current testing, radiographic inspections, ultrasonic testing, television
cameras, or aural leak detectors); to detect roof weaknesses or wet insulation areas (e.g., infrared thermographic
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viewers or nuclear density devices); to identify large equipment wear problems (e.g., vibration analyzers and oil
analysis for wear metals and lubricant properties); and to locate charge or heat buildup in electric equipment (e.g.,
infrared thermography). Center-level dollar limitation is any dollar amount.

(3) Grounds Care. Grounds Care is the maintenance of all grassy areas, shrubs, trees, sprinklers, rights-of-way and
open fields, drainage ditches, swamps and water holding areas (lakes, ponds, lagoons, canals), fences, walls, grates, and
other similar improvements to land that are included in the NASA Real Property Accountability System, and exterior
pest and weed control. The maintenance tasks include mowing, spreading fertilizer, trimming hedges and shrubs,
clearing ditches, snow removal, and related work. Included in this category is the cost of maintaining Grounds Care
equipment such as mowers and tractors. Center-level dollar limitation is any dollar amount.

(4) Programmed Maintenance (PGM). Programmed Maintenance consists of those maintenance tasks whose cycle
exceeds 1 year, such as painting a building every 5th year. (This category is different from PM in that if a planned cycle
is missed the original planned work still remains to be accomplished, whereas in PM only the next planned cycle is
accomplished instead of doing the work twice such as two lubrications, two adjustments, or two inspections.) Examples
of PGM include painting, roof maintenance (flood coat, flashing, patching, incidental repair by replacement), road and
parking lot maintenance (overlays, seal coating, and patching), utility system maintenance (pigging of constricted
lines), and similar functions. Center-level dollar limitation is any dollar amount.

(5) Repair. That facility work required to restore a facility or component thereof, including collateral equipment, to a
condition substantially equivalent to its originally intended and designed capacity, efficiency or capability. It includes
the substantially equivalent replacements of utility systems and collateral equipment necessitated by incipient or actual
breakdown. Center-level dollar limitation is any dollar amount not to exceed $500,000.

(6) Trouble Calls (TC). TC's (subset of repair) are generally called in by telephone or submitted electronically by
occupants of a facility (or facility managers or maintenance workers). Where the calls are for nonfacility work (not of a
facility maintenance or repair nature) the call must be coded so that it is not included with TC's included in funding
level calculations. Examples of nonfacility work are interior pest control and janitorial work such as cleaning up a spill
or cleaning carpets. TC's are composed of two types of work as follows:

(1) Routine Calls. Routine calls are minor facility problems that are too small to be estimated (usually less than about 20
workhours or $2,000) and are generally responded to by grouping according to craft and location. Center-level dollar
limitation is any dollar amount not to exceed $500,000.

(i1) Emergency calls. Emergency calls require immediate action to eliminate hazards to personnel or equipment, to
prevent loss of or damage to Center property, or to restore essential services that have been disrupted. Emergency work
is usually a response-type work effort, often initially worked by TC technicians. Due to its nature, emergency work is
not restricted to a level of effort such as Routine Calls (although in many cases it falls within the workhour and/or
dollar limit of routine calls). Center-level dollar limitation is any dollar amount not to exceed $500,000.

(7) Replacement of Obsolete Items (ROI). There are many components of a facility that should be programmed for
replacement because they are becoming obsolete (no longer parts-supportable at the end of service life), do not meet
electrical or building codes, or are unsafe but are still operational and would not be construed as "broken" and needing
repair. Center-level dollar limitation is any dollar amount not to exceed $500,000. Examples include but are not limited
to the following:

(1) Electric switchgear, breakers, and motor starters.

(i1) Elevators.

(iii) Control systems.

(iv) Boiler and central Heating, Ventilating, and Air Conditioning (HVAC) systems and controls.
(v) Fire detection systems.

(vi) Cranes and hoists.

(vii) Air conditioning systems using Chlorofluorocarbon (CFC) refrigerants.

(8) Service Requests. Service Requests are not maintenance items, but are so often performed by facilities maintenance
organizations they become a part of the baseline. Service Requests are requests for facilities related work which is new
in nature, and as such, should be funded by the requesting organization. Service Requests are initiated by anybody on
the Center, are usually submitted on a form, often require approval by someone before any action is taken, usually are
planned and estimated, materials procured, and shop personnel discretely scheduled to accomplish the work. Examples
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of these requests include installation of an outlet to support a new copier machine; providing a compressed air outlet to
a new test bench; renovating an office; and installing special cabinetry. Center-level dollar limitation is any dollar
amount not to exceed $500,000.

(9) Central Utility Plant Operations and Maintenance. This category is unique in that it includes the cost of operations
in addition to maintenance costs. It should be used only to capture the costs of operating and maintaining institutional
central utility plants, such as a central heating or steam plant, wastewater treatment plant, or central A/C (chiller) plant.
The concept is that operators are assigned full time to operate the plant, but they perform maintenance between various
operating tasks, making it almost impossible to segregate operational and maintenance costs. Therefore, the costs of the
full-time operators (and their materials) are shown here. This facilities maintenance element does not include any work
outside of the 5-foot line of the utility plant or "project" type work. Center-level dollar limitation is any dollar amount.

1.5.1.4. Backlog of Maintenance and Repair (BMAR). The BMAR also known as "Deferred Maintenance" is the
unfunded facilities maintenance work required to bring facilities and collateral equipment to a condition that meets
acceptable facilities maintenance standards. The key word is "unfunded." If resources are or will be available to do the
work during the current year, the work is considered to be scheduled and is not part of the backlog.
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CHAPTER 2. Resources Management

2.1 Introduction

This chapter discusses resources management as it relates to facilities maintenance. It covers NASA directives, policy,
resources management requirements, maintenance funding levels, the Program Operating Plan (POP), and
reimbursable funds.

2.2 Publications

Table 2-1 lists NASA Headquarters publications that apply to facilities maintenance resources management.

Publication Title
NPD 7330.1 Approval Authorities for Facility Projects.
NPR 8800.15 Real Estate Management Program Implementation Manual.
NPR 8820.2 Facility Project Implementation Handbook.
NPD 8831.1 Management of Facilities Maintenance.
FMM Volume NASA Financial Management Manuals, Agencywide
9100 Coding Structure.

Table 2-1. NASA Headquarters Instructions, Procedures Guides, and Manuals

2.3 Resources Management

Although Centers manage their resources in various ways, there are requirements that create similarities among all
Centers. The following are the primary ones:

2.3.1. Facilities Maintenance Cost Account Codes. NASA Headquarters must report to OMB and to the Congress on
how NASA spends its facilities maintenance funds. FMS codes have been established to do this. They are defined in
the NASA Financial Management Manual - Agencywide Coding Structure (FMM 9120, Part VI, Fiscal and Statistical
Coding, Section 9121-52A, Coding for Functional Management Functions). Centers will use the FMS codes in the
NASA Financial Management Manual (A partial listing is shown in Table 2-2) for accounting and reporting to NASA
Headquarters on facilities maintenance funds. In addition to utilizing the FMS codes, Centers must establish methods in
their CMMS to capture all of the costs associated with each of the nine facilities maintenance work elements listed in
paragraph 1.5.1.3(b) in order to manage and analyze their facilities maintenance programs.

FUNCTIONAL MANAGEMENT SYSTEM (FMS) CODES
FOR FACILITIES MAINTENANCE AND PARTIAL LISTING

OF OTHER RELATED AREAS

CODE TITLE
20 XX e .
XX Facilities Services
?{(;{02 Facilities Management

Facilities Management (Nonfacilities Maintenance Related)
200201 s s .
2002 02 Facilities Management (Facilities Maintenance Related)
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20 04

XX Facilities Maintenance

2004  Maintenance

01* Grounds (Includes Exterior Pest Control)
20 04 02

2005 R&D/SFCDC and R&PM/OIG Funded Facilities and Environmental
XX Work (Service Requests, Repairs, Modifications, and Minor
Construction)

20 05 01 Routine Facilities Work (Other than Maintenance and Repair)
20 05 03 Environmental Compliance and Restoration Work (Institutional)
2005  Routine Facilities Work (Repair) (Includes Facilities Repair Trouble

04* Calls)

20 05 23 Environmental Compliance and Restoration Work (Program Unique)
200 Ulities

20 06 07 Central Utility Plant Operations & Maintenance

2007 . .

XX Custodial Services

200701 Janitorial Services (Includes Interior Pest Control)
2009  Facilities-Related Services and Noncollateral Equipment

XX Security

20 09 02 Fire Protection

20 09 03 Facilities-Related Maintenance and Replacement of Noncollateral
20 09 04 Equipment

(See NASA FMM Volume 9100 for latest version of these codes)

*Functional Management System codes that are a part of the 2-
to 4-percent-of-CRYV calculations recommended by the NRC.

Table 2-2. Functional Management System Codes for Facilities Maintenance

2.3.2. Fund Sources. FMM 9100 defines the standard fund sources. The possible fund sources are listed in FMM 9100,
Section 9121- -52A, Coding for Functional Management Functions. POP's require that budget requests be broken down
by fund source.

2.3.3. Funding Thresholds. NPR 8820.2, Facility Project Implementation Handbook, specifies facility project funding
sources and thresholds. Table 2-3 summarizes the facilities maintenance work type funding thresholds.

2.4 Maintenance Funding Levels

In NPD 8831.1, Management of Facilities Maintenance, NASA Headquarters recognizes the annual funding level of 2-
to 4-percent-of- CRV recommended by the Federal Facilities Council (formerly the Building Research Board),
National Research Council (Appendix B, resource 35), as a reasonable funding target necessary to maintain facilities in
a steady-state condition. This level is recognized as an adequate standard until an independent analysis of facilities
condition assessment trends indicates otherwise.

2.4.1. Funding Level Scope. Note that only Center-funded work of facilities maintenance and repairs should be
included in the 2- to 4-percent-of-CRV annual funding level. Figure 2-1 identifies the facilities maintenance
expenditures that are to be allocated to the 2- to 4-percent-of-CRV goal. The percentage goal does not include BMAR,
Service Requests because they are for new work, grounds care, central utility plant O&M, and Nonfacilities
Maintenance Work as described in paragraph 2.4.2.

2.4.2. Nonfacilities Maintenance Work
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2.4.2.1. The following types of nonfacilities maintenance work, although related to facilities maintenance and
sometimes performed by facilities maintenance organizations, are not counted toward the NRC-recommended 2- to
4-percent-of-CRV calculations. These types of work should be costed to their own FMS codes in the NASA Financial
Management Manual.

2.4.2.2. Examples of these types of work are as follows:
a. Custodial and interior pest control.

b. Refuse collection and disposal.

c. Operations such as fire protection and security.

d. Mobile equipment operation and maintenance.

e. Environmental operations, remediation, and disposal.

FACILITIES MAINTENANCE CENTER
WORK ELEMENTS FUNDING LIMITATIONS

Preventive Maintenance.

Predictive Testing & Inspection.
Any dollar amount

Grounds Care. Any dollar amount
Programmed Maintenance. Any dollar amount
Repair: 1,2, 5 Any dollar amount
- Routine Facilities Work.

Not to exceed $500,0005
- Trouble Calls (Facilities
Repair). 1,2.5 Not to exceed $500,0005

Replacement of Obsolete Items.1,2,5 | [Not to exceed $500,0005

Serv1f:e Requelsts (A New Work Not to exceed $500,0005
Requirement)1,3,5

- Routine Facilities Work?.
Any dollar amount

Central Utility Plant Operations &
Maintenance.4.5

| Notes

1. Limitation is per project or per incident. For facilities work estimated to
cost $50,000 or more, NASA Form 1509 documentation is required.

|2. Costed under Routine Facilities Work functional code 20 05 04.

|3. Costed under Routine Facilities Work functional code 20 05 01.

|4. Costed under functional code 20 06 07.

5. All Facility Projects exceeding $500,000 must have congressional
approval.

Table 2-3. Facilities Maintenance Funding Thresholds
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f. Research and Development (R&D) shop support such as model fabrication.

g. Management and supervision overhead.

h. Maintenance of noncollateral equipment (NASA Equipment Management Systems (NEMS) tagged equipment).
1. Facilities alterations.

j. Facilities construction.

2 to 4 PERCENT-of-CRV ALLOC
| |
|
CENTER FUNDED C
P&l - Fch
' Grounds Care | | Eav
PGM {-k
Repair
Legend:
ROl
1 Items

Figure 2-1. Expenditures Allocable to 2- to 4-Percent-of-CRV Standard

2.4.3. Current Replacement Value (CRV). NASA Headquarters requires updates to CRV's early each calendar year for
CRYV data as of December 31 of the prior year. The CRV's are to be calculated using the NASA Real Property
Inventory (RPI) software program and escalating facilities and collateral equipment acquisition costs and incremental
book value changes to the current year using the Engineering News Record (ENR) annual average 20-city building cost
index (BCI) factors. The book value of each facility is continuously updated by the cost of any additions,
modifications, or demolition of $1,000 or more. The CRV calculations are made by indexing the construction cost using
the BCI value for the year of construction, indexing each change in book value using the BCI value for the year in
which the change was made, and mathematically summing the results. Book values and the resulting CRV's are not
changed by maintenance and repair actions. Noncollateral equipment is not included in the CRV.

2.5 Facilities Maintenance Budget

POP's (budgets) are time-phased work programs expressed in terms of dollars and other resources required to
accomplish NASA objectives for the budget year. They serve as a basis for developing the NASA operating budget to
support apportionment requests to OMB, to distribute resource authority within NASA, and to plan for the orderly and
efficient use of resources. The facilities maintenance organization's budget is an integral part of the POP. The following
paragraphs provide insight into the process and how maintenance requirements are included.

2.5.1. POP (Budget) Call. A POP (budget) call is a request from NASA Headquarters to NASA Centers and Jet
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Propulsion Laboratory (JPL) for budget information. The call begins each year in February when the NASA Chief
Financial Officer (CFO)/Comptroller requests input from the Enterprise Associate Administrators and Functional Staff
Office Associate Administrators, including the Director, Facilities Engineering & Real Property Division (Code OJX),
to develop the budget call to the Enterprise-related facilities. In February/March, the CFO/Comptroller integrates the
budget guidance received from the Institutional Program Offices (IPO) and the Functional Staff Offices into a single
POP call to the NASA Centers and JPL. Although POP (budget) guidance may vary from year to year, the basic budget
content and format is relatively constant. A facilities maintenance organization is involved in the development of
information to be included in response to the POP call.

2.5.2. POP Fiscal Years. Each annual POP (budget) covers a 7-year period consisting of past year, current year, and
budget year defined as follows plus 4 future years:

a. Prior Year. The fiscal year immediately preceding the current year. Prior year costs are actual, not estimated.
b. Current Year. The fiscal year immediately preceding the budget year.

c. Budget Year. The fiscal year for which estimates are being submitted.

2.5.3. Requirements Development and Costing

2.5.3.1. Paragraph 2.3.1, Facilities Maintenance Cost Account Codes, requires that all Centers establish and maintain a
facilities maintenance cost accounting system with all work classified. One of the uses of the classification is for
budgeting. The annual budget call requests budget estimates. Thus, it is possible to prepare the budget by aggregating
the actual expenditures of prior-year historical data and the current-year-to-date accounting data. The
current-year-to-date figures can then be extrapolated to the full current year using the current-year Annual Work Plan
(AWP). The budget year requirements can then be projected by comparing the prior and current-year work
requirements with the budget year from the 5-year Facilities Maintenance Plan and adjusting the estimates using the
standard inflation factors supplied by NASA Headquarters. Through this process, information is available for preparing
the budget documentation for submittal.

2.5.3.2. In accordance with the requirements of paragraph 2.4, Maintenance Funding Levels, Centers should, as a goal,
work toward a budget for facilities maintenance and repair of 2- to 4-percent-of-CRV funding. Figure 2-1 identifies the
facilities maintenance expenditures that are to be allocated to the 2- to 4-percent-of-CRV goal. Per paragraph 2.4.1,
Funding Level Scope, the 2- to 4-percent does not include BMAR, Service Requests, grounds care, central utility plant
O&M, and Nonfacilities Maintenance Work as described in paragraph 2.4.2, Nonfacilities Maintenance Work.

2.5.3.3. Because estimated funding requirements are prepared 14 to 19 months in advance of the budget year, many
things can occur to change the budget estimates before POP's are executed. The following are some examples:

a. Congressional decisions reflected in the final authorization and appropriations acts.
b. Changes in the Center resource requirements (possibly due to emergency conditions).
c. Restraints imposed by NASA Headquarters.

2.5.4. POP (Budget) Submittal

The Centers and JPL submit their response to the POP requests to the IPO - Associate Administrators for Space Flight
(Code M), Aerospace Technology (Code R), Space Science (Code S), and Earth Science (Code Y) - to which they are
assigned. The facilities are assigned to Codes M, R, S, and Y as follows:

2.5.4.1. Code M
a. Johnson Space Center (JSC)

(1) Downey

(2) Palmdale

(3) White Sands Test Facility (WSTF)

(4) Space Network Ground Terminals, White Sands
(5) Reserved.

(a) Reserved.

(b) Reserved.

b. Kennedy Space Center (KSC)
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c¢. Marshall Space Flight Center (MSFC)

(1) Michoud Assembly Facility (MAF)
(2) Santa Susana Field Laboratory (SSFL)
(3) Thiokol, Wasatch Division (THKL)

d. Stennis Space Center (SSC)
e. Reserved.

(1) Reserved.
(2) Reserved.
(3) Reserved.

2.5.4.2. Code R
a. Ames Research Center (ARC)
b. Dryden Flight Research Center (DFRC)
c. Langley Research Center (LaRC)
d. Glenn Research Center (GRC)
(1) Plum Brook Station (PBS)
2.5.4.3.Code S
a. Jet Propulsion Laboratory (JPL) - (A NASA-owned but contractor-operated facility)
(1) Table Mountain Observatory
254.4.Code Y
a. Goddard Space Flight Center (GSFC)
(1) Wallops Flight Facility (WFF)
(2) National Scientific Balloon Facility (NSBF)
2.6 Reimbursable Services

Many Center's facilities maintenance organizations perform work on facilities occupied by agencies other than NASA
for which the cost is reimbursed by the occupying agencies. They also perform nonfacilities maintenance work that
should be reimbursed by the requesting customers. For specific information on policies and procedures for obtaining
reimbursement related to NASA facilities occupied by another Agency see FMM 9090. This reimbursable work is not
included in the annual facilities maintenance budget that the Centers submit to NASA Headquarters. However,
reimbursable work should be included in the Center AWP's. The POP's and the AWP's address the total facilities
maintenance workload, regardless of fund source.

2.6.1. Types of Reimbursable Services

2.6.1.1. Customer Requested Work. Centers should perform the following types of work with funds provided by the
customer requesting the work, so as not to impact the limited funds available for facilities maintenance.

a. Construction, addition, and modification work below the $500,000 Construction of Facilities (CoF) threshold.
b. Service Request work.
c¢. Nonfacilities maintenance work (see paragraph 2.4.2, Nonfacilities Maintenance Work).

2.6.1.2. Tenant and other Occupying Agencies Services. The Centers provide three basic types of services to tenants
and other occupying agencies on a reimbursable basis. These services are described in the following paragraphs:

a. Occupancy Services. Occupancy services are essential, Center-wide support services. Services such as facilities
maintenance and janitorial services are a function of the square footage of the buildings occupied. Other services may
be related to the number of personnel resident at the Center. Typically, the rate for occupancy services should be
constant during each fiscal year to allow Center customers to budget for the services. The interagency agreements
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should state when the rates are scheduled to change.

b. Demand Services. Demand services provide technical support or specific deliverable products not available within
the capabilities of the customer. Typically, demand services are specifically requested by the user and are user unique.
Each demand service is separately priced; if possible, the unit price should be constant during each fiscal year to allow
Center customers to estimate their fund requirements and to budget for the funds. Demand services are often requested
in writing and are classified by specific functional area. The following are examples of demand services:

(1) Service Requests.

(2) Engineering design services.
(3) Construction projects.

(4) Heavy equipment services.

c. Other Services. Other services are those paid directly by the customer at the time of use, such as food services, or
billed periodically based on use, such as metered utilities. Few, if any, facilities maintenance services are billed at the
time of use.

2.6.2. Cost Allocation. The determination of reimbursable costs should be based on the concept of full cost sharing.
This concept provides for common cost sharing of services. Therefore, the costs charged to each tenant should directly
reflect the tenant's proportion of the total cost to NASA for the services.

2.6.2.1. Occupancy Services

a. The per-unit rates charged for occupancy services should be the same for all occupants, both tenants and NASA
activities, for like services. The annual charges should be computed from prior-year costs with inflationary and
expected use-change adjustments. Occupancy services are usually provided by the facilities maintenance organization
or by facilities support services contractors.

b. Occupancy services are separated into those applicable to the employee population and those applicable to the floor
space occupied. These costs are calculated generally as follows:

(1) Population. A projected fiscal year total of all civil service and contractor employees is developed for each
occupying organization. The total portion of the shared cost associated with personnel is divided by the total of all
Center personnel. The result is the fiscal year per-person rate, which is applied to each occupant.

(2) Floor Space. The square footage should be summed for each occupant by the type of space occupied as per the
following example:

(1) Type I - Air-conditioned offices, laboratories, and technical spaces.
(i1) Type II - Nonair-conditioned shops, work areas, or technical spaces.
(iii) Type III - Nonair-conditioned warehouses and storage facilities.

c. The total shared cost associated with floor space is divided by the weighted sum of all three types of floor space to
determine the Type III base rate. The Type I and II base rates are determined by multiplying the base rate by the
weighting factor for each type. The square footage totals are multiplied by the respective rates to determine the cost for
each occupant. The weighting factors are determined historically from the actual cost of cleaning and maintaining each
type of space.

d. Personnel and floor space costs are then added together to determine the total occupancy cost.

2.6.2.2. Demand Services. The cost to tenants for demand services is generally developed by adding a surcharge to the
incremental Center costs incurred by the demand service work order. Since the surcharges are an integral part of Center
operational costs and are routinely expensed by the Centers, they are not identified separately and are not shown on
reimbursable work orders. The standard surcharges developed by each Center should consider the full cost-sharing
concept. However, some costs are borne by NASA, such as acquisition and depreciation of shop equipment, which do
not enter the standard surcharge and therefore are not reimbursed by tenants because they are within the NASA
institutional budget base. Typically, monthly billings for demand services either are sent to the tenants or are charged to
standing accounts.

2.6.3. Interagency Agreements. While Memoranda of Agreement (MOA) are helpful in defining Center and tenant
services and responsibilities, they are vital in the case of reimbursable services. MOA's avoid misunderstandings about
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how rates are determined and how bills are rendered, certified, and paid by the tenant. They are critical for long-range
planning and budgeting because they enable the Centers to forecast their levels of reimbursement. In the case of
facilities maintenance, the accuracy of the AWP depends on the accuracy of the level and type of reimbursable work
defined in MOA's and other interagency agreements.
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CHAPTER 3. Facilities Maintenance Management

3.1 Chapter Scope

This chapter describes the concepts for and approach to facilities maintenance management within NASA. It describes
a generic facilities maintenance management system based on proven techniques. It also provides the flexibility needed
at each Center for NASA's diverse, high technology mission. The purposes of this chapter are as follows:

a. To present the methodology and value of sound facilities maintenance planning.

b. To present factors for consideration while developing a facilities maintenance organizational structure.

c¢. To describe the functional relationships in a facilities maintenance management system.

d. To explain methods of analyzing maintenance functions and their relationship to planning and work performance.
3.1.1. Benefits of a Facilities Maintenance Management System

3.1.1.1. A facilities maintenance management system provides for integrated processes giving managers control over
the maintenance of all facilities and collateral equipment from acquisition to disposal. The management system should
provide at least the following:

a. Address all resources involved.
b. Accommodate all methods of work accomplishment.

c. Effectively interface and communicate with related and supporting systems ranging from work generation through
work performance and evaluation.

d. Support each customer's mission.

e. Ensure communication with each customer.

f. Provide feedback information for analysis.

g. Reduce costs through effective maintenance planning.

h. Provide a system for accumulation of historical facilities maintenance data.

3.1.1.2. The goal is to optimize the employment of scarce resources (workforce, equipment, material, and funds) to
maintain the facilities and collateral equipment needed to support the Center's mission in a safe and efficient manner.
An effective facilities maintenance management system maximizes the useful life of facilities and equipment, ensures
safety of facilities and systems, minimizes unplanned downtime, and provides an improved work environment within a
given resource level. It also produces information for management decisions.

3.1.2. Functional versus Organizational Approach

3.1.2.1. Traditionally, the guidance presented in facilities maintenance procedures guides and manuals has been based
on a standard organization. That approach does not recognize the diversity in mission and site conditions found among
the NASA Centers. This procedures guide adopts a functional approach to facilities maintenance. The thrust is to
identify those functions and processes required to provide an effective facilities maintenance program without
specifying an organizational structure.

3.1.2.2. The discussion that follows covers maintenance management controls, maintenance management concepts,
maintenance-related functions and processes, and other factors for consideration in establishing a facilities maintenance
organization. The process for establishing the organization must accommodate Center-unique requirements and
conditions.

3.1.3. Mission/Customer versus Condition Approach
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3.1.3.1. Facilities maintenance normally is regarded as the total responsibility of the facilities maintenance manager
who determines with what and when to accomplish maintenance based upon the physical condition of the facilities and
appropriate maintenance practices. With limited resources, however, the facilities maintenance manager should work
with the customer to provide quality facilities maintenance services as required to support the customer's mission. The
facilities maintenance manager should coordinate with the customer in developing attainable solutions to facilities
maintenance-related mission-support problems.

3.1.3.2. Facilities maintenance decisions such as whether to accomplish work now or defer it require a knowledge and
understanding of the present and future need for the facility under consideration, as well as the economic and safety
impact associated with those facilities. Thus, the facilities maintenance manager must maintain perspective in
evaluating necessary maintenance requirements and in considering mission criticality and the need for preserving
deteriorating facilities. Both mission and customer inputs are integral components of the facilities maintenance system.

3.2 Facilities Maintenance Functions

3.2.1. Facilities maintenance may be described as a number of interrelated functions and processes that directly or
indirectly lead to the accomplishment of facilities maintenance work. Those that are not accomplished by the facilities
maintenance organization are outside the responsibility of the primary users of thes requirements. This may also be the
case when the scope of the work exceeds applicable facilities maintenance funding or resource thresholds (e.g., CoF
projects). However, all functions are listed to ensure that all related services are considered when establishing a
facilities maintenance organization and management system.

3.2.2. The following lists the major functions related to managing facilities maintenance. The relationships among the
following major functions are depicted in Figure 3-1, Whole Maintenance Universe, along with the information flow
and internal communication required:

a. Manage facilities and equipment.

b. Provide utilities services.

c. Employ and manage contracts.

d. Maintain building environment.

e. Manage material and tools.

f. Develop budgets and perform cost analyses.
g. Manage information resources.

h. Provide logistics support.

i. Maintain organizational interfaces.

3.2.3. The functions at the core of the whole maintenance universe reside in the Centers maintenance organization.
They are the functions forming the day-to-day facilities maintenance operations and responsibilities. The maintenance
organization's management is described in this chapter and its maintenance execution in Chapter 5, Facilities
Maintenance Execution. The support functions in Figure 3-1 shown outside the maintenance organization are described
in the following paragraphs:

3.2.3.1. Develop Budgets and Perform Cost Analyses. Although the maintenance organization performs cost analyses
and develops a budget (POP) request, it is only an input to the Center and Agency's budget development. See paragraph
2.5, Facilities Maintenance Budget, for the maintenance organization's budget development.

3.2.3.2. Manage Information Resources. There are a number of information resources in other organizations supporting
the maintenance organization. Personnel, cost accounting and similar staffs are required to manage a Center's
maintenance operation. Of course a major function in the maintenance organization is the management of its
information systems, such as its CMMS (see Chapter 6, Facilities Maintenance Management Automation).

3.2.3.3. Provide Logistics Support. A maintenance organization requires logistical support for functions such as mobile
equipment (particularly large specialized items), transportation, and vehicle fuel. The maintenance organization may
maintain a small warehouse for supplies and parts commonly used in its operations. Additional parts and supply
support is required from the Center's logistics organization.

3.2.3.4. Maintain Organizational Interfaces. A major part of a maintenance organization's operation is its interfaces
with other organizations. Working relationships and procedures must be established to assure that facilities
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maintenance functions are performed in an efficient and economical manner to meet Center requirements. These
requirements include safety, legal, training, security, environmental, and specific requirements received in the form of
Trouble Calls (TC), service requests, and similar requests.
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Figure 3-1 Whole Maintenance Universe.

3.3 Management of Facilities Maintenance Program

3.3.1. Maintenance at NASA Centers is more than just repairing a leaking pipe or restoring power. It involves the
coordinated effort of many talented people to ensure that facilities are in the best possible condition to support the
Center's mission. To accomplish this the maintenance program must be managed to provide the maximum benefits
from the available resources without waste.

3.3.2. A CMMS is an integral component of a Centers' facilities maintenance management operations. This automated
system is designed to assist facilities maintenance managers in work reception, work planning, work control, work
performance, work evaluation, and work reporting. This system, discussed in Chapter 6, Facilities Maintenance
Management Automation, is usually linked to other database systems, such as Integrated Asset Program Management
(IAPM), material management, and personnel management.

3.3.3. Figure 3-2 depicts the basic facilities maintenance management program. The program has four major aspects:
Requirements Definition, Planning, Execution, and Analysis. Requirements Definition includes analyzing facilities
condition assessments and the Center's mission to identify, quantify, and document Center operation and maintenance
requirements. The Planning and Execution sections of the figure are discussed in Chapters 4, Annual Work Plan, and 5,
Facilities Maintenance Execution. Analysis is discussed in detail in paragraphs 3.11, Management Indicators, and 3.12,
Management Analysis. The following paragraphs briefly describe Figure 3-2 in a clock-wise flow starting with
requirements definition:

3.3.3.1. Requirements Definition

a. Facility Inventory. The facilities inventory is the cornerstone of facilities maintenance management. It provides the
detailed identification of what is inspected, operated, and maintained. Without an accurate inventory, maintainable
items may not receive required maintenance, and maintenance budgeting, planning, and scheduling cannot be effective.
Note that the inventory is not static; it includes continuous updates based upon facility and equipment changes.

b. Recurring Maintenance. After identification of what is inspected, operated, and maintained, a Center's Reliability
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Centered Maintenance program starts with identifying recurring maintenance requirements utilizing the decision logic
tree shown in Figure 7-1. The requirements must be derived from analyzing the Center's mission and facilities
inventory and utilizing a well-established set of local standards. The standards used in assessing facilities and
determining what recurring maintenance and operations effort is needed to maintain the Center at NASA's specified
quality level must include statutory, regulatory, and compliance requirements. Requirements are continually updated to
include new facilities and changes based on the RCM analysis of work data provided during the acceptance process,
which sets the baseline (see Chapter 8, Reliability Centered Building and Equipment Acceptance).

BASIC FACILITIES MAINTENANCE PROGRAM
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c. Nonrecurring Maintenance. Nonrecurring requirements are determined by facility condition assessments and
analyzing historical data, current inventory and mission requirements. A part of nonrecurring work is facility repairs
(breakdown maintenance), including facility TC's.

3.3.3.2. Planning

a. Priorities set by management based upon mission requirements are important considerations in determining what is
to be accomplished and in what order. The 5-year Maintenance Plan (see paragraph 4.8, 5-year Facilities Maintenance
Plan) is an invaluable reference for the budgeting process, providing the information needed to plan allocation of
resources.

b. Upon receipt of the annual budget, the 5-year Maintenance Plan (including the maintenance organization's CoF
work) is reviewed again, together with updated facility needs. Because resources are constrained and only a portion of
the needed work may be accomplished, alternative funding is obtained where possible. The remaining required
maintenance work that cannot be funded in the current fiscal year is added to the BMAR.

c. A result of the budget process and the review is the well-documented AWP that is discussed in Chapter 4, Annual
Work Plan. The AWP is used to guide the majority of the day-to-day maintenance work. The AWP also serves as a
baseline reference for the facilities maintenance manager when accommodating nonfacilities and newly identified
facilities maintenance requirements.

d. Throughout the Planning process with the requirements, priority setting, 5-year Plan and AWP, a key and essential
element is the requirements definition. In order for the planning to be effective and in concert with the goals of the
Center there must be continual, two-way communication between the facilities maintenance manager and the Center
staff. Proper direction will ensure that maintenance work is prioritized, planned, and performed in accordance with the
Center's mission goals.

3.3.3.3. Execution
a. During execution (see Chapter 5, Facilities Maintenance Execution) the use of the AWP as a basis for work control
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helps to schedule work in a steady, efficient flow pattern. The nonfacilities maintenance requirements and newly
identified requirements are handled by adjusting priorities and rearranging the work flow patterns as required.

b. In addition to performing maintenance and repair work, it is very important to document the work accomplished in
the Center's CMMS. This documentation, as well as historical data entered in the CMMS, is essential when analyzing
the work performed and in work planning.

3.3.3.4. Analysis. The Analysis section of the maintenance management program is often neglected. Proper analysis is
an important management function to point out inefficiencies and ways to better execute maintenance requirements by
using alternative procedures and avoiding waste. Also, analysis may identify local standards that are overly stringent
for mission needs or a priority system that requires "everything to be done yesterday," thereby interrupting scheduled
work unnecessarily.

3.4 System Concepts

In creating an organization and system to perform facilities maintenance, the concepts discussed in the following
paragraphs should be applied in implementing the basic maintenance program depicted in Figure 3-2.

3.4.1. Separation of Functions. The responsibility for generating, planning and estimating, and authorizing work should
be separate from the responsibility for performing work. Similarly, it is preferable for the Quality Assurance functions
to be the responsibility of an autonomous organization, apart from those ordering and performing the work. This
provides the system with checks and balances and free of the appearance of conflict of interest.

3.4.2. Planning and Estimating. Work should be planned and estimated in enough detail to define the resources and
tasks required to perform the work and to communicate this information to everyone involved. This information must
be clear to customers, approving authorities, schedulers, material managers, and craft personnel.

3.4.3. Estimating Standards. Estimating standards should be the basis for work planning and estimating to permit
realistic resource allocation, scheduling, work performance, and evaluation. Several commercial, industrial, and
governmental standards are available to assist in work-order estimating. Chapter 10, Facilities Maintenance Standards
and Actions, provides information on estimating standards.

3.4.4. Workforce Load Planning. Work planning should provide a sufficient volume of work sufficiently in advance of
the required completion date to permit balancing the facilities maintenance workload among the shops, acquiring
material, arranging timely contract support, achieving priorities, and coordinating all the elements. Work should be
planned on at least a quarterly basis.

3.4.5. Continuous Inspection. A program for the periodic inspection of facilities and collateral equipment should on a
timely basis identify facilities condition, maintenance deficiencies, work required, and changing conditions. PT&I and
Facilities Condition Assessment methods should be part of the continuous inspection program. Chapter 10, Facilities
Maintenance Standards and Actions, provides detailed information on continuous inspection and condition assessment.

3.4.6. 5-year Facilities Maintenance Plan. Centers should develop long-range facilities maintenance plans covering
both level-of-effort and specific or one-time work requirements. These plans should reflect the total maintenance
requirements and their prioritization in support of Center mission needs. Such management planning requires
developing and justifying resource requirements on a multiyear basis. Centers must prepare both 5-year Facilities
Maintenance Plans and AWP's. Chapter 4, Annual Work Plan, provides information on both of these plans.

3.4.7. Work Grouping

a. Personnel performing TC's, small Service Requests, and small repair jobs should be organizationally separated from
personnel performing large facilities maintenance projects when possible. Twenty hours of effort is a suggested upper
limit on the scope of these small jobs. Assigning these small jobs to a single shop avoids interrupting the workforce
devoted to PM, PT&I, PGM, and larger repair jobs. The organization of the shops or groupings within a given shop
should be based on factors such as work volume, geographic proximity, availability of transportation, materials and
craft mix.

b. Work grouping also allows crafts personnel to productively complete small jobs by "batching" (i.e., providing crafts
personnel with multiple TC's at once, grouping work in a particular building or area, or providing transportation with
commonly used tools and materials). This reduces indirect time associated with processing small jobs (such as travel
time or getting tools, equipment, and materials).

3.4.8. Work Scheduling. Work should be scheduled in an orderly manner considering safety, customer requirements,
time constraints, material and tool/equipment availability, priority, workforce availability, and work-site availability
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along with necessary equipment or utility outages.

3.4.9. Work Status. The CMMS should include reporting systems that provide facilities maintenance managers the
status of all work and any significant problems so they may take timely corrective action. Chapter 6, Facilities
Maintenance Management Automation, discusses the use of CMMS.

3.4.10. Quality Assurance (QA). Both Government- and contractor-performed work should be subject to inspections
for quality. Quality control is the contractor's (or civil service, if applicable) program in place to ensure that the product
or service meets the quality requirements of the specification or work order. Quality assurance is the Government's
program that validates the product or service quality and, by extension, ensures that an effective quality control
program is in place and is performing as previously approved by the Government. In performance-based contracts,
written QA plans must be prepared to guide these inspections and should be an integral part of all maintenance work.
See Chapter 12, Contract Support, for detailed information on Quality Assurance Plans.

3.4.11. Condition Assessment/BMAR. The continuous assessment of the condition of facilities and collateral
equipment coupled with the current BMAR defines the major portion of that total maintenance required to bring
facilities up to NASA safety and condition standards. When evaluated with respect to a Center's safety and its mission
requirements, the BMAR is a key element in management planning, budgeting, and allocating facilities maintenance
resources. This process is discussed in Chapters 9, Backlog of Maintenance and Repair, and 10, Facilities Maintenance
Standards and Actions.

3.5 Factors Affecting Facilities Maintenance Organizations

3.5.1. Physical Characteristics. The physical characteristics of a Center such as size, geographical distribution, climate,
equipment, architectural style, and construction materials have a significant impact on the facilities maintenance
organization. They directly affect the need for central shop spaces, remote job sites, travel time, special facilities
maintenance equipment, and facilities maintenance standards.

3.5.2. Mission. The mission of a Center influences the facilities maintenance organization because it determines the
facilities maintenance standards, the equipment mix, the workforce skill mix, work priorities, acceptable planned and
unplanned down time, and resource levels. The maintenance organization must be structured to respond to the Center's
mission.

3.5.3. Workforce Composition. Workforce composition is driven in large part by the Center's mission and physical
characteristics. It affects the organizational structure and the division between contract and Government workforces.
For example, a workforce with a large number of electricians and Air Conditioning (A/C) mechanics may dictate an
organization with a separate shop for each craft. With a small workforce, these crafts may be in one shop.

3.6 Organization and Staffing

3.6.1. Organizational Considerations. Organizations plan, organize, perform, control, and evaluate work. The factors in
the following paragraphs are important considerations when designing the organizational structure.

3.6.1.1. Contract Versus In-house. The proportion of the facilities maintenance work accomplished by support
contractors significantly impacts the organizational structure. As the contracted portion increases, the Government
workforce becomes more involved in contract administration and surveillance. The optimum mix of support contractor
and Government personnel should be based on local conditions and priorities and should be consistent with the
guidance contained in OMB Circular A-76. The principles of sound facilities maintenance management apply equally
to in-house and contract work. In NASA Centers utilizing a maintenance support contractor the contractor is a key
partner in implementing and operating a successful maintenance management program.

3.6.1.2. Labor Agreements. Labor agreements may dictate certain procedures, practices, consultations, and other action.
These influence the organizational structure and the Government's flexibility in making changes to the organization,
work methods, or work assignments. The human resources department may provide assistance in this area.

3.6.1.3. Functional Lines. The facilities maintenance functions are vital in support of the Center's mission. Where more
than one organization has responsibility for performing facilities maintenance, close coordination is necessary. The
facilities maintenance organization interfaces closely, with potential for overlap, with related processes such as master
planning, major facilities acquisition, and transportation and utilities management. It may be logical to organize along
functional lines; however, care must be taken to ensure that lines of communication are open and maintained among all
related functions and organizational elements. Senior managers should encourage communication and liaison at all
levels.

3.6.2. Staffing Considerations. A number of factors will influence the staffing of a facilities maintenance organization.
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In cases where a PBC is utilized to perform the facilities maintenance functions, the contractor is responsible for
determining the staffing and skill mix of the workforce to meet the contractual requirements. The Center human
resources department may provide advice in staffing matters. The following factors apply to staffing plan development:

3.6.2.1. Workload Balance. The facilities maintenance organization staffing should match the workload characteristics.
The manpower resources available in each craft should closely match the amount of work included in the AWP taking
into consideration work priorities and alternative methods of accomplishment. Consider using temporary or part-time
employees or one-time contracts to accomplish seasonal, surge, intermittent, or one-time work requirements.

3.6.2.2. Education and Training. The facilities maintenance organization must ensure that personnel have and maintain
the skills needed to cope with changing technology to effectively carry out the facilities maintenance program. Skill
requirements are identified through periodic reviews of all the organization workload. Comparing skill requirements
with the assigned personnel skill inventory will identify shortages for correction through education, training, recruiting,
or other action. Skill inventories and requirements identification should address all facilities maintenance program
phases, including shop crafts, administrative skills, PT&I technologies, and the use of computers.

a. As an example, training plays a major role in reaching and maintaining skill levels required for an effective RCM
program. The training should be both of a general nature and technology/equipment specific. Management and
supervisory personnel benefit from training which presents an overview of the RCM process, its goals, and methods.
Technician and engineer training should include the training on specific equipment and technologies, RCM analysis,
and PT&I methods.

b. RCM training is available from professional organizations, consultants, equipment manufacturers, and vendors. The
following are examples of specific areas of training and possible sources for the training:

(1) Infrared Thermography (IRT) is complex and difficult to measure and analyze. Training is available through
infrared imaging system manufacturers and vendors.

(2) Vibration monitoring and analysis training is available from equipment vendors. The Vibration Institute has
published certification guidelines.

(3) Electricians, electrical technicians, and engineers should be trained in electrical PT&I techniques such as motor
current signature analysis, motor circuit analysis, complex phase impedance, and insulation resistance readings and
analysis. Equipment manufacturers and consultants specializing in electrical testing techniques provide classroom
training and seminars to teach these techniques.

3.6.2.3. Licenses, Permits, and Certifications

The license, permit, or certification requirements in the following paragraphs are applicable to Government employees
and contractors. When work requiring licenses, permits, or certifications is included in a contract, the contract must
clearly state that the contractor should obtain all applicable NASA, State, and/or local government, licenses, permits, or
certifications before performing the work.

a. Specialized personnel and facilities often are required to have licenses, permits, or certifications. These requirements
apply to central utility plant personnel and to environmentally or safety sensitive facilities. To the maximum extent
possible, such licenses, permits, and certificates should be issued by the State or local government rather than by
Centers to avoid administrative duplication. Centers should issue only those licenses, permits, and certificates that are
NASA-unique and, therefore, not available through other existing regulatory organizations. Detailed training and
certifications requirements may be found in specific safety standards, e.g., NSS/GO-1740.9, NASA Safety Standard for
Lifting Devices and Equipment, or NSS 1740.12, NASA Safety Standard for Explosives, Propellants, and
Pyrotechnics. Additional hazardous operation safety certification requirements may be designated by each Center
safety official or designee, but must include the minimum as listed in Chapter 4 of NPR 8715.3, NASA Safety Manual.

b. Central utility plant operators, such as at water treatment plants, boiler plants, and wastewater treatment plants,
should be licensed by applicable State and local governments. Also, when required by State or local governments,
permits for such things as incinerators, licenses for other facilities maintenance-related operations such as pest control
and herbicide applicators, and certificates for equipment such as pressure vessels, lifting devices, and elevators must be
obtained.

3.7 Customer Relations

Everyone who works at or uses Center facilities is a customer of the facilities maintenance organization. Some are
direct customers, requesting and receiving specific services such as TC's or Service Requests. Others are indirect
customers, using the facilities and collateral equipment such as HVAC systems maintained by the facilities
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maintenance organization. Facilities maintenance, which provides institutio , , nal , as well as program support, plays a
major role in keeping these customers satisfied. This does not occur automatically. Customer relations should be a
primary consideration in all facilities maintenance decisions. Facilities maintenance may be the key factor in
developing and maintaining the professional reputation of Center institutional managers.

3.7.1. Communication

3.7.1.1. The facilities maintenance organization cannot operate effectively without open communication.
Communication is extremely important within the organization to ensure coordination of competing resources.
Communication with customers and other Center entities is absolutely necessary to ensure that the correct work is
accomplished at the correct time and within allocated resources. Communications between the maintenance
organization and their customers must be an integral part of the CMMS. The system should provide for customer
access to submit requirements and for the customer to obtain current status of their request from submittal through
completion. Day-to-day communications may also utilize other Center electronic means, including e-mail and home
page access. Facilities maintenance personnel must be alert to the following barriers to communication:

a. Cryptic, incomplete work requests.

b. Misinterpreting the scope of work specified as "the supervisor wants".

c. Customers' misinterpreting technical answers to their questions on project status.
d. Differing understandings of mission needs.

3.7.1.2. Two-way communication must be encouraged, with the customer articulating customer desires and the
maintenance organization providing constructive and continuous feedback through the CMMS or other electronic
systems, including e-mail, where possible. This may provide an early warning of changes in workload and identify
potential problems. It facilitates orderly workload planning by the facilities maintenance organization and its
customers. This is particularly important during periods of limited funding because the maintenance organization often
may help a customer translate desires into realistic facilities requirements, thereby obtaining an optimum solution or at
least an adequate solution within the resources available. A well-informed maintenance organization and a
"maintenance informed" Center is in a much better position to produce necessary results within available resources.

3.7.1.3. The reputation of the facilities maintenance organization is built as much on perception as on performance. A
positive image of the facilities maintenance 